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Total Hydrogen Analysis by Fluxless Method
for Irradiated Nuclear Material

MeP YEF-RYL YL 2N+ 0Dz
HETP T E P
WAL 547 HAT 15087
g o

ELUIIMES-BULE 22MY 22248 HIsl STREM A0 YAWED EA A
£ B39 z+2240] ASWC, A2IEIL EHEts EFEIE SSIAY 242 B
QD AT I A BY JSUS UsET 2B WP AR 3700] G2 22
5] 2 g9 sz 2

= HESHEL AR 378 4 FesS UHHEHIIEEH AE2ZE0] 4
=

M2 T2 4b3 Y29 EHEks WY EEBIS VST £ YU RS ABN g
of o ZTAE WHE LR U PEIY 22E2H0] JEEPon 242 HIB LEUS
g4 + 99

Abstract
& hydrogen determinator was meodified and installed in the glewe box fo analwse fotal
hvdrogen content in irradiated zircalow, The analwsis method of hodrogen is Inert Gas
Fusion(IGF)-Thermal Conductivity Detection{TCD), The hwdrogen recoveries of no tin
methed using Ti and Zr matrix standards, respectively, were good within 3 pe of hwdrogen,
Llzo the smaller size of sample showed the better hydrogen recowery, It was found that the
hyvdrogen standard of Ti matriz is awvaliable to hydrogen analwvsis in zircalov sample, With
thiz neo tin method, total hwdrogen content of irradiated zirealow cladding tubes and Zr-Z 5Nk

pressure tubes was analvsed successfully and radicactive waste was reduced after analwsis,
LAZE

Ot mebd AHES AMESAA mep L8 Ato] 3EA” Atk HE SE T E O

e N
q2 BT

[}
=
oo
o
=
o

2
re
il
El
A
i
|2
H
e
b
E-'I_-.
El
)
r|r
el
rt
Hl
r
1]



(1), 2)st &

1

12 = 2
ME"]'] I]Ei‘—-:h
' - = ) [=]
FS 120 AAR YA AL B2
2+ 5T T4

=

0,0025% O©f

% oo op
o wr %
EﬂAﬁmme WoSE ol BRI FT
& W Ko 9 Tmﬂﬂy_m_uﬂﬁ%a__;}
W om oo P oo T oW Wb oW T M s
o U oE 2T I g oo ™o oy @ E T TR R o+ X
s oo ® T = oo dfop MO B oE B0 i =~ % E R =
=) -~ ™ = _H__u_ xr . .._._._ An_ A....._ .—:m.l =.__._._ _|_._ — T ._ullwl_“_ i 2..._ i
= 1 I o =0 i A TH " o ) % Wl T 4 TR < ™~ 0 W < < - =ty =
T " T om 2 0 = B & = T o= D oz oo )l w
B T T - op ool Moo 2z T oan = " T Al oo Er
M R < - Rt El = w7 ° .ﬂ IHo = o e = T T L5 — el
._w:ﬂﬁ_:__mJHT Bl o%ﬁﬂig].g_a%ﬁmg m_u}m_,_m___%omz___
ChR Mg ] =1 Hh ol m w " 1 = = 4 H T T & o il i = T o i
+ g T OE A iy 2 o L o g W 1 I = of mz "
A E%ﬂﬂm% ﬂ%%iiﬂﬂ o_ﬂiﬂgxwﬂ_ﬁ
& M M_._ T H - A T T #lr .W. ki w0 <k i o | ) o i = M I ] 4
WO® o Wl - 4 o - =l 0 1 " oo ) ™ i - o w0 EN <
o T il k Mo R’ +o_om B M = T op ®O T " 0w o
T oy o = T ome i g g ™o (=[S oy WO = Womp
H _ i 2 oM = o o A |4 9 o E W o fr & T = ol ¥ ™
T g™ W g A Hn_ﬁilﬂ}aﬁﬂﬁ_%m_ﬂi;ﬁzzoﬂ#ﬁ%&@ﬁn
woo g i H“ oS = i i w_w o ,n_.._ W 0 g B i g i mﬂ._ T
a - o far] L 5
T m_.__u oo W - w_.m__ = m = r o m_.m o o W o R als o “_. G Ao g,
il md Ty S L somo 2 Gy o Moo T oo EOR " By
H,.mmmﬂm_humwm% ™ aﬂmaﬂﬁ?gwwﬁﬁe%,”THIHIHNH@NDJT_
_— = e T -_—
b T YRR gy o yuwlmw@gg?miﬁmﬂmLm:ﬁmm,ﬂ;
h I | [ . ) L = B0y o =) N =
wgmnwﬁﬂg_aﬁmﬂx ihgamaeﬁaﬁﬂﬂﬁnm*__m__ﬂwﬂzﬂﬂumnnqﬂ_ﬂg__h%
L T w A _i o ow £ o U fost A o wom = W oo ¥ U
oo g A :Tu e w o E@ oo W o BOMod w M Hog M R !
. | ,MTHME@_“E E,im%wm%mﬁwigoa____h%ﬁﬂﬂﬁ_ﬁ&mﬂﬁsﬂ
! - e i ’ BlOE pEE I
%%%Hﬂﬂﬂuﬁ ) _wMﬁémiﬂ:&_ﬂﬁﬂmmﬂfwﬂﬂﬂéawfm_uMnE
=] e ! ' = = - —_ -
o L%ﬂmmm_ﬁﬁummxu“#,#%DH_%WH&@%WHEMumuﬁ_uzm%uﬁ_ﬂﬂ
3 & < U TR LT = W w0 e o © - e o B 2B g
iamuh_;g%i%ﬁ%imo_@im_ﬂ %Eiﬂw_hzﬂﬂ%% w oo Ko
+ o P no= i#5ﬁn_§_u____m;n¢}agAmhﬁﬂJﬁEEMa
T T L o9 wo et LX r oo M o = oW ST S o
...._._._ T > =) —_— —_ =y r _ H
0 i e Al O R Wl RO m_.._ L mw N m___u_ o M_.._ o oqr & B o o o o A = W= oo M
) = < T om =odr BT = i R ﬂ T Xow o
+ + o ..n_l ,An_ _Un_ 1 ._n"_ﬂ _u_l ._|_.rﬁl =l ..___._ _ =) H_l_._ _._.n_ T = s =l .An_
T & (LS 4 i+ K p o &0 el ,iaﬁ_:,#oﬂ B e L
aoamhﬂhm“la Eﬂ_aﬁ@ﬂH%%E%mw Eﬁﬂ@ﬁiﬂiq
w ool o e Kl o T W = = 4+ m e
bl A LS Moo oo M o
wooed BB u.w_m ol o W 4 1o - o 0|) g o
71 OE O] AF ol .._.ﬂ,_ .._._.|.._|. =0 gk ._.|.._. ._m_.n_
BB oo m



2 4
21 $224719 Az

J1Z9] LECO RH-14® 2 28875 J7]52 228 ARE8E ¥ 2AFAT 249 U
A% p¥oT FHEe UL 2 @l 1 1of LERH Blet 2ol AEE REEFIE
JEAE 222 39 1 (Mol Basid 18 1 () 2ol ARel HAstHT ST E Ao
A8 R22 73 MY YEAR 4RI HRAI, AR 297 Y 2UNRBIE 245
Oh, whAbdo] o HABY RED DA SREEA BN LA} Do FUED B
22 Hud BajstEch ITEuA QR J7lge] HATE 19 20 PO 2UAAS PN
0 AEE DHs] THUIE 2 m ONE SHHOH Hral SEB B4l 2BAAUS AE
SIETH WALRE WY, WRIHY ADS ABHEL 2% AFE DA oIS I m oW
T stU0L AEFY U YEAR ZPE 93 7189 LolE T A3E 1Hsd I m o]
WE ST YEAR 22WoE 53 4582 Rasid AR 884 LEHE WS ol
GO YEASE BB £AEHE LTIME IEBEEMA 9Ro JJFZIRE EIW 3
Tl ZEERAWE B #z BEe G2t 289 FFCE WS AR =4 538
AUPAASS IEERANe GA5 A TASFO) JhEsbl WO W 13 BAE QA

2 C p]

)—00.

{a) (k) fc]

Fig 1, Hydrogen determinator LECO RH-404% systemn
{a) main Control unit (k) impulse furnace and control unit
(c) separated impulse furnace from (k) to be install in a glove box
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Fig, 2, The lay out of a meodified hwdrogen determinator,
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Tahie 1, Performance test results of a hwdrogen determinater installed in oa open laboratory
and in a glove box

Fe STD G205 Zr STD 162 Ti STD 21£1.8 ppom

Mo ppin H, wt= | gfeal ppm H wit=01 gfea| H, wts01 glea
open lab |glove box| open lab |glove bex | open lab |glove box

1 E.0 B0 16 1E 21 20

z E.a b1 13 13 20 )

3 E.G Gl 17 14 15 15

4 B2 B0 16 13 23 3

5 R BB 15 17 15 22

b E.1 Gl 16 19 £2 20

7 .2 59 17 15 Z0 15

o B7 Bl 15 1E 21 19

9 6.2 60 17 18 18 20

10 5.4 il 16 16 21 Z1

Imean Bl1x0Z El1x0Z 16 +1 177 Z0x1.4 Zlx14d
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Tahie 2, Recowvery of hydrogen content in Ti matriz standard rod
kv analwsis without cutting it

H %

Ti STD rod | weight(z) i H detected {ug) Recovery(3s)
Y8y add]| me Tin | T add | no Tin

1 0113 2373 2373 1.921 100 a1

2 0225 476 4972 3164 105 67

3 0,334 7119 7458 3,729 105 B2
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Fig, 3, The trend of hwdrogen as a function.of hydrogen content
and standard sample weight without tin flusx,
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Tahie 3 Hyvdrogen analysis results of Zr-2E5Nb alloy sample with and without tin methaod

nutnker | calibration with Ti(H 2101 8ppm) | calibration with Zr(H 16 + 2ppm)
of test weight=01 gfea weight =01 glea
run of
Zr -2 5Nb H detected (ppm)|H detected (ppi) |H detected (ppr) |H detected (ppm)
sample (Tin add mehtod) | (no tin mehtod) |[(Tin add mehtod)| (no tin mehtod)
1 12 11 12 12
Z 12 12 13 13
3 13 14 12 14
4 16 15 19 16
b 15 16 16 15
B 158 17 20 18
7 17 18 15 17
8 19 18 19 20
9 149 20 18 18
10 13 14 12 12
mean 15 15 15 16
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